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Section 6.0 



6.0 SURFACE WATER 

6.1 SURFACE WATER 

Woman Creek is an  eastward flowing ephemeral stream located to the south of 

the 881 Hillside (Plate 6-1). The stream drains the southern portion of the Rocky 

Flats Plant site. The South Interceptor Ditch, located between the 881 Hillside and 

Woman Creek, extends from the old landfil l  to Pond C-2 in the Woman Creek 

drainage. The  ditch isolates runoff from the south side of the plant (including the 

881 Hillside) from Woman Creek. Surface water flowing in an easterly direction 

along the south Interceptor Ditch is collected in Pond C-2, from which i t  is 

discharged to Woman Creek in accordance with the Plant NPDES permit. The 

permitted discharge point is designated 007. Pond C-1 receives flow from Woman 

Creek. A diversion structure located upstream of Pond C-2, diverts flow in Woman 

Creek around Pond C-2 and into the Woman Creek channel downstream. Along 

Woman Creek and  the south Interceptor Ditch, retention ponds C-1 and C-2, and the 

associated diversion structures, control surface water discharge from the Plant site. 

Analytical results of surface water samples collected at stations along the 

South Interceptor Ditch, Woman Creek, and seeps, drainages and ponds along the 881 

Hillside are  discussed in this section of the report. In addition, the effect of the 

discharge from the Building 881 foundation drain on the water quality in the South 

Interceptor Ditch is discussed. A summary of surface water flow rates measured in 

Woman Creek and  the South Interceptor Ditch follows. 
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6.1.1 Surface Water Flow 

During August 1986, as part  of the initial site characterization, flow rates were 

measured in all of the site natural  drainages and  ditches using a portable cut-throat 

f lume and  the Parshall flumes used f o r  NPDES monitoring. The results of flow rate 

measurements for the South Interceptor Ditch and  Woman Creek are discussed below, 

Flow rates were not measured during May 1987 surface water sampling. 

Flow in the South Interceptor Ditch and  Woman Creek is intermittent in 

nature, appearing and disappearing along various reaches of the drainages. During 

the 1986 initial site characterization, measurable flow occurred at less than one-third 

of the fif teen stations along Woman Creek and  the south Interceptor Ditch (Rockwell 

International, 1986a). All recorded flows were less than 10 gpm (Table 6-1). During 

the investigations, there was no  surface water flow in Woman Creek downstream of 

Pond C-2. The intermittent surface water flow observed in Woman Creek and  the 

South Interceptor Ditch i s  indicative of frequent interaction of surface water with 

the shallow ground-water system. Insufficient data have been collected to calculate a 

water balance or to quantify the effect  of the interaction between surface and  

shallow ground-water systems. 

Of the six surface water stations established along the South Interceptor Ditch, 

only SW-31, near the 881 Hillside, had  measurable flow rates (5.5 gpm) in August 

1986. The 

ditch was dry both upstream and downstream of these stations. 

Stagnant water was encountered a t  SW-36, but flow was not measurable. 

Along Woman Creek in August 1986, f low was measured at 2.2 gpm a t  the  most 

upstream station, SW-42. There was no flow a t  Station SW-40, downstream of SW-42. 
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TABLE 6-1 

SURFACE WATER FLOW RATES 
A U G U S T  1986 

Station Number Measurement Date Flow Rate  (cfs) Flow Rate 

Woman Creek 

SW-42 
SW-41 
SW-40 
SW-39 
SW-34 
SW-33 
SW-32 
SW-29 
SW-28 
SW-26 
sw-02 

South Interceptor Ditch 

SW-38 
SW-36 
sw-35 
SW-31 
SW-30 

8-07-86 
8-20-86 
8-20-86 
8- 20- 86 
8-20-86 
8-21-86 
8-20-86 
8-20-86 
8-21-86 
8-19-86 
8-20-86 

8-20-86 
8-20-86 
8-20-86 
8-20-86 
8-20-86 

Sote :  Data are presented in downstream order. 
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0.0049 
0.0000 
0.0000 
0.0000 
0.0147 
0.0000 
0.0172 
0.0000 
0.0044 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0123 
0.0000 
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2.2 
0.0 
0.0 
0.0 
6.6 
0.0 
7.7 
0.0 
2.2 
0.0 
0.0 

0.0 
0.0 
0.0 
5.5 
0.0 
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At surface water Station SW-32 located downstream of the confluence of a small 

tr ibutary of Woman Creek and  Woman Creek itself, a flow rate of 7.7 gprn was 

measured. Upstream of SW-32 in Woman Creek, no flow was measurable. Ilpstream 

of SW-32 in the small tr ibutary,  a flow rate of 6.6 gpm was measured at  SW-34. 

Therefore, the flow rate a t  SW-32 can be attributed to the flow from the small 

tr ibutary to Woman Creek. Woman Creek was dry immediately below Pond C-1, was 

flowing at 2.2 gpm just upstream of the Woman Creek diversion around Pond C-2, and 

was dry just downstream of the diversion return to the stream channel. 

6.2 SURFACE WATER CHEMISTRY 

The surface water quality data collected to date include samples collected in 

August 1986, and May, July/August,  and November 1987 (Table 6-2). The analytical 

data  for the surface water samples are presented in Tables 6-3 through 6-6. All 

surface water sampling stations are depicted on Plate 6-1. 

6.2.1 Backyround Surface W-ater Chemistry 

Surface water chemistry within a single drainage is naturally variable. One of 

the factors affecting variability is the interaction of surface water and ground water. 

Therefore, to facilitate discussion of surface water chemistry, particularly inorganic 

chemistry and radionuclide concentrations, reference will be made to Table 6-7 which 

shows ranges of analyte concentrations in ground water in  upgradient alluvial wells 

a t  the Plant. In  addition, Table 6-8 lists the estimated background surface water 

chemistry at the Plant. 

Surface water analyte concentration ranges are  based on data collected during 

the 1986 initial site characterization for stations SW-42 and  SW-05 on Woman Creek 
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TABLE 6-7 
BACKGROUND ALLUVIAL GROUND-WATER QUALITY 

METALS 
Element Concentration Ranee (m e ,' 1) 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Cesium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Strontium 
Thallium 
Vanadium 
Zinc 

.06OU* 

.oo 1 u 

.047-.190 

.005U 

.007U 

.1u 

.002U-.O27 

.05C 

.02U-.O46 

.005U-.05 

.OlU-.547 

.0002u 

.lu 

.04U-.O7 

.005U 

.01u 
O.O2U-.20 
.01u 
.005U-.O47 
.005U-O.O9 

RADIONUCLIDES 
Plutonium, Am.-,ricium, 

Uranium - 2 3 5 Below MDA 
Uranium- 23 4 
Uranium-238 

Ion 
Calcium 
Magnesium 
Potassium 
Sodium 
Bicarbonate 
Carbonate 
Chloride 
Nitrate 
Sulfate 

Below MDA-3.5( .9) 
Below MDA-5.5(2.1) 

MAJOR IONS 
Concentration Range (me/l) 

12-36 
2-8 
.01U-5 
8-21 
ND-130 
ND-120 
.7-20 
ND-1.5 
1U-31 

Total Dissolved Solids 113-309 

ND = not detected. 
MDA = Minimum detectable activity. 

U indicates not detected and the values'preceding the U are the detection limit. 
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TABLE 6-8 
ESTIMATED BACKGROUND SURFACE W.4TER CHEMISTRY 

PARAMETER CONCENTRATION RANGE 

RADIONUCLIDES (DCi/l) 
Plutonium 
Americium 
Uranium 233+234 
Uranium 238 
Uranium 235 
Tritium 
Strontium 90 
Cesium 137 

METALS l u a  
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Cesium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mer cur y 
Molybdenum 
Nickel 
Selenium 
Silver 
Strontium 
Thallium 
Vanadium 
Zinc 

-.02(.04) - .01(.06) 
.02(.03) - .06(.04) 
.13(.09) - .38(.14) 
.06(.06) - .12(.08) 
NA 

NA 
NA 

20(220) - 80I220) 

150 - 540 
ND - 37 
ND 
ND 
ND - 59 
ND 
170 - 340 
ND 
ND 
ND 

ND 
130 - 135 

ND - 13 
ND - 0.5 
450 - 680 
43 - 82 
ND - 8.8 
ND - 22 
ND - 110 
ND - 6 
450 - 1200 
5 - 16 

OTHER INORGANICS Imell)  
Calcium 6.6 - 22 
Magnesium 1.1 - 5.2 
Potassium 0.39 - 0.56 
Sodium 4 - 13 
Bicarbonate 11 - 23 
Carbonate 23 - 64 
Chloride 2 - 3.4 
Cyanide ND - 0.0016 
Phosphate 0.92 - 1.4 
Sulfate ND 
Nitrate 4 
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a n d  Rock Creek,  respectively. T h e  basis  fo r  the  background alluvial g round-water  

ranges is discussed in Section 5. Because the  su r face  water  stations a re  a t  g round-  

water  seeps or  a r e  otherwise f lowing d ra inage  where  interact ion with al luvial  g round 

water  is not quan t i f i ed ,  an  ana ly t e  concent ra t ion  will be ident i f ied a s  possibly 

ind ica t ing  contaminat ion if i t  is g rea te r  t h a n  the  maximum value specified for  e i ther  

background su r face  water or a l luv ia l  g round  water. As defined in Section 4, there  

were  no above background occurrences of p lu tonium a n d  americium in  sur face  waters  

of the  South Interceptor  Ditch a n d  Woman Creek.  Background da ta  for  s t ront ium 90 

a n d  cesium 137 are  not available. However ,  inspection of da ta  a t  o ther  s ta t ions 

indicates  the  concentrat ions observed do not  const i tute  a contaminant  release. 

6.2.2 South InterceDtor Ditch 

T h e  fa r thes t  upstream su r face  wa te r  s ta t ion tha t  h a d  flow dur ing  the  August  

1986 sampling act ivi t ies  was SW-36. At s ta t ion  SW-36, 

downstream of the  old landfi l l ,  bu t  ups t ream of the  881 Hillside, radionucl ides  a n d  

233+234 metals  were elevated with respect to background.  Of the radionuclides, U- 

a n d  U-23* were elevated, a t  3.9(0.5) a n d  17(1) pCi/ l .  The  fol lowing metal  

concentrat ions were elevated re la t ive  to  background:  beryllium (0.090 mg/l) ,  

manganese (0.120 mg/l), mercury (0.00465 mg/l) ,  s t ront ium (0.420 mg/l), a n d  zinc (1.00 

mg/l). T h e  dominant  major ions were  calcium (123 mg/l), carbonate  (160 mg/l), 

chlor ides  (29 mg/l) ,  a n d  su l f a t e  (64 mg/l) .  HSL volatile organics were  not  present 

above  detection limits. 

SW-37 a n d  SW-38 were dry. 

SW-35 is located downstream of  SW-36, bu t  upstream of the  881 Hills ide area.  

D a t a  f o r  SW-35 (May 1987) show a general decrease i n  uran ium concent ra t ions  over  

t ha t  observed a t  SW-36. a n d  uranium-238 were 3.5(1.1), a n d  
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0.49(0.48) pCi / l ,  respectively. T h e  repor ted  u ran ium - '38 concentration is 

s ignif icant ly  lower than  that  observed a t  SW-36. T h e  U-238 concentration of 0.49 

(0.48) pCi / l  is likely in  error  because the  r a t io  of U- 233+234 a n d  U-238 is inconsistent 

wi th  the  samples taken  both up- a n d  downstream of SW-35. In addi t ion,  the gross 

a lpha  values for  SW-35 a re  consistent wi th  the  up- a n d  downstream sur face  water 

samples. T r i t i um was non-detectable. 

Trace  metal  concentrat ions i n  SW-35 were e i ther  not  detectable or  a t  values 

below background in  May 1987. However ,  metals concentrat ions exceeded background 

concentrat ions in  the Ju ly /Augus t  1957 sampling for  i ron  (2.0 mg/l), manganese (0.196 

mg/ l ) ,  a n d  a n d  s t ront ium (0.40 mg/l). Except  fo r  calcium (65 mg/l), magnesium (15.9 

m g / l )  and  sodium (26.9 mg/l), major ion concentrat ions a t  SW-35 were similar to  that  

observed a t  SW-36. 

Contaminat ion of sur face  water  a t  SW-35 is unlikely. In the  May 1987 

sampling,  l , l , l - t r ich loroe thane  was measured a t  6 ug/ l ;  however ,  the detection limits 

f o r  l , l , l - t r ich loroe thane  a re  4 to  5 ug / l ,  and  the  ana ly t ica l  results f rom the other 

sampling periods a t  SW-35 indicated tha t  l , l , l - t r i ch lo roe thane  was not detected. This  

suggests that  the  6 u g / l  measurements  is probably of l i t t le  o r  no significance. The  

November 1987 sampling of SW-35 showed a CC14 a n d  toluene concentrat ion of 6 and  

1 2  ug/ l ,  respectively. However ,  with the  exception of one  s u r f a c e  water  sample which 

h a d  a toluene concentrat ion of 11 ug / l ,  a l l  o ther  su r face  water  samples collected in 

November 1987 had  12  u g / l  of  toluene. Also, four  of t h e  s ix  samples collected in 

November 1987 h a d  a CC14 concentrat ion of 6 ug/l. Thus ,  t he  occurrence of CC14 

a n d  toluene i n  su r face  water  samples is probably due  to  labora tory  contaminat ion or  

ana ly t ica l  error. 
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Three surface water stations are located on the 881 Hillside due south of 

Building 881. SW-45 is the 881 Building foundation drain discharge. This  water 

f lows  into a skimming pond. Station SW-44 is the discharge from a pipe draining the 

skimming pond to the South Interceptor Ditch. T h e  foundation drain is a slotted 

v i t r i f i ed  clay pipe which is buried 14  to 20 feet  deep along the western and eastern 

sides o f  the 881 Building. T h e  pipe from each side o f  the building drains water 

southward to a common pipe a n d  then into the skimming pond (Figure 6-1). SW-46 is 

located at the pond formed by ground-water seepage from the 881 Hillside. The  pond 

sampled by SW-46 is west a n d  hydraulically upgradient o f  the skimming pond, and 

presumably is directly connected to the skimming pond by direct alluvial ground- 

water connection and by overflow between the two ponds. T h e  distinguishable 

characterist ics  o f  the SW-45 discharge in May 1987 are the presence o f  

tetrachloroethene (128 ug/l)  a n d  trichlorethene (14 ug/l). U- 233+234 (5.5 (1.9) pCi/l) ,  

t--238 (4.7 (1.7) pCi / l )  were within or near background levels for  alluvial ground 

water.  The  July 1987 analytical  results indicate the presence o f  carbon tetrachloride 

(6  ug/l) ,  trichloroethene (8  ug/l) ,  toluene (12 ugil)  and tetrachloroethene (16 ugil). 

The pond (SW-46) sample f rom May 1987 contained no volatile organics,  and had 

similar  concentrations o f  uranium to that observed for SW-45, although U-238 (0.9 

p C i / l )  was somewhat lower. T h e  discharge to the interceptor ditch (SW-44) from the 

skimming pond also contained no volatile organics, a n d  had similar concentrations of 

uranium to that observed a t  SW-45 and SW-46. Again, the uranium concentrations at 

SW-44, 45 and SW-46 a r e  somewhat elevated relative to background alluvial ground 

water but generally indicate these waters are largely derived form alluvial ground 

water.  T h e  elevated levels may reflect  some local release o f  uranium to alluvial 

ground water. I t  appears that  the volatile organics entering the pond from the 

foundation drain are being volatilized during their detention in the skimming pond. 
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Figure 6- 1: Foundation Drain Locatlon Map 



T h e  detention time has been estimated a t  18  hours, b y  calculations based on the 

volume capacity o f  the pond compared to the 5 gpm inflow rate f rom SW-45 

( foundation drain). 

I t  should be noted that the analyzed contaminants from the foundation drain 

discharge (SW-45 j are  the same organic contaminants and radionuclide species which 

have been analyzed as present in the process waste stream tanks located in Building 

8 8 7  immediately adjacent to the foundation drain. Also, drums of  oils a n d  solvents 

may have been stored in the Building 8 8 5  drum storage area a t  a previous time. T h e  

drum storage area is also located at the surface,  adjacent to the foundation drain. 

These may be potential sources for the organic and radioactive contamination o f  the 

foundation drain discharge. 

Sur face  water stations SW-31 a n d  SW-30 are  located within t h e  South 

Interceptor Di tch ,  south o f  8 8 1  Hillside Area. T h e  data indicate elevated 

concentrations of U-238  (lO(1)-14(2) p C i / l )  compared to background. 

T h e  alluvial ground-water potentiometric surface map suggests that  ground 

water should recharge the South Interceptor Ditch at the 881 Hillside and thus may 

be the source of the U-238. However, sodium which can be considered a conservative 

tracer and is elevated in ground water in the vicinity of SW-31 (range 134-341mg/ l ;  

see Table  6-9j, does not increase dramatical ly in surface water at stations SW-31 and 

SW-30. There  is some increase which suggests there may be some recharge of s u r f a c e  

water in the South Interceptor Di tch  by ground water; however, this increase could 

also be due to the discharge f rom SW-45. Furthermore, alluvial ground water is 

characteristically elevated in U- 233+234 (range 8.4(0.9) - 26.8(3.2); see table 6-9), a n d  

increases i n  U- 233+234 in t h e  South Interceptor Ditch downgradient of the 8 8 1  
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Hillside are not readily apparent from the data. 

elevated U-238 at stations SW-31 and SW-30 likely arises upstream at station SW-36. 

It is therefore concluded that the 

Organics were detected during November 1987 a t  station SW-30. The  

November 1987 analytical results indicate 7 ug/l  of  l , l , l - t r i ch lore thane  and 1 2  ug/l 

o f  toluene were present. As previously mentioned, the toluene value is considered 

suspect, and little s ignif icance can be placed on a concentration of  l ,l ,l- 

trichloroethane near the detection limit without further data. 

Lastly there were few changes in major ion or metal concentrations at SW-31 

a n d  SW-30 relative to SW-35. In August 1986, the concentration of  aluminum in the 

sur face  water at SW-31 was measured at 3.470 mg/l. Aluminum concentrations in the 

unfiltered samples represent total aluminum in the sample. Therefore,  the increase in 

aluminum may represent suspended clays in the surface water runoff  into the 

interceptor ditch. 

Downstream o f  the 881 Hillside Area and the 9 0 3  Pad and East Trenches Area, 

at  the entrance to Pond C-2  is surface water station SW-27. 

contaminants were detected in the August 1986 sampling o f  SW-27. 

decrease between SW-30 and SW-27 stations. 

No HSL volatile organic 

U-238 showed a 

The  interpretation that U-238 decreases 

downstream is based on analyses performed one year apart. and during different 

seasons of  the year. T h e  May 1987 sample from SW-30 indicates a concentration o f  13 

(2)  pCi/l ,  and the August 1986 and July 1987 samples from SW-27 indicate 

concentration of 6.1 (0.09) p C i / l  0.79 (0.92) pCi / l  respectively. T h e  results may be 

due to seasonal variations in  ground-water inflow, downstream attenuation, or 

dilution o f  U-238 in  the South Interceptor Ditch. T h e  concentrations o f  U- 233+234 

a n d  U-238 at SW-27 are  similar to background concentrations in alluvial ground 
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water.  T h e  concentrations for  calcium, iron,  magnesium, manganese, potassium, 

sodium, strontium, zinc, sulfate,  bicarbonate and carbonate exceed the background 

l imits  for  sur face  water and for alluvial ground water.. However, these 

concentrations observed a t  SW-27 are within the  ranges o f  the upstream surface water 

samples in the interceptor ditch. This  station was the onlv surface water station 

where H S L  base neutral/acid compounds were detected above detection limits (1986 

in i t ia l  site characterization data). Phenol and 2-methylphenol occurred at 0.013 and 

0.024 mg/ l ,  respectively. Therefore,  until  

addit ional  sampling verifies the presence of  these constituents they will not be 

considered significant.  

These values may be statistical outliers. 

Pond C-2 is downstream of the 881 Hillside a n d  the 903 Pad and East  Trenches 

Areas,  and receives flow from the South Interceptor Ditch.  Radionuclide, metal and 

major  ion concentrations are a t  levels similar to the farthest  upstream station, SW-37. 

Bar ium was an  exception to the comparison, occurr ing  at 0.240 mg/l  in the pond and 

otherwise non-detected in the interceptor ditch. T h e  maximum concentrations o f  

radionuclides reported for  the NPDES discharge 007 from Pond C-2 are consistent 

with the interpretation that U-238 is being diluted or attenuated downstream in the 

interceptor ditch and in Pond C-2  (Table 6-10). Historical radiochemistry data for  

Pond C - 2  show a l l  radionuclide concentrations t o  be at or near background levels for 

al luvial  ground water. 

No H S L  volatile organics were detected i n  Pond C-2. However, 200 ug/l  of N- 

Nitrosodiphenylamine(l), a H S L  base/neutral  ac id  compound, was detected in the 

August 1986 Pond C-2 sample. T h i s  compound was not detected in any of the 

upstream sur face  water samples, and is  a common laboratory contaminant. 
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I E  general, i t  appears  tha t  the South  Interceptor  Ditch is largely impacted by sites 

upstream of the  881 Hillside Area .  T h e  radionucl ide concentrat ions in the  South 

In te rceptor  Ditch generally decrease i n  magni tude  between the upstream stat ions near 

t h e  old landfi l l  and  the downstream stations. Alluvial  ground water  a n d  the  e f f luent  

f r o m  the 881 Building founda t ion  d r a i n  (SW-44) may also impact  the qua l i ty  of the 

s u r f a c e  water in  the South In te rceptor  Ditch to  a small degree. Water qua l i ty  in Pond 

C - 2  is not adversely impacted  by the  presence of HSL organics  or  radionucl ides  

observed a t  sur face  water s ta t ions upstream. 

6.2.3 Woman Creek 

Station SW-42, one  of t he  background sur face  water  sampling stations, is 

located west a n d  hydraul ical ly  upgradien t  of the ent i re  Plant .  Resul ts  of SW-42 

analyses  a re  included wi th in  Tab le  6-8. In August 1986, HSL organics  were not 

present  above detection limits. T h e  fol lowing metal  concentrat ions were unusual  but  

no ted  in  the background SW-42 sampling: cesium (0.170 mg/l) ,  molybdenum (0.680 

mgl l ) ,  nickel (0.082 mg/l), a n d  vanad ium (0.450 mg/l). Nei ther  s t ront ium or ni t ra te  

were  detected. Radionucl ide levels were non-detectable. Major ions were a t  low 

ccncentrat ions,  the dominant  ions be ing  calcium a n d  carbonate  occuring a t  7 mgi l  

a n d  20 mg/l, respectively. 

Surface water s ta t ions SW-40 a n d  SW-41 are  located on Woman Creek to  the 

southwest  of the  881 Hillside, a n d  east  of t h e  old landfi l l .  T h e  two s ta t ions were 

sampled,  and  the samples ana lyzed  i n  Ju ly /Augus t  a n d  Xovember of 1987. T h e  SW-41 

sample  contained 10 u g / l  of te t rachloroethene in  t h e  Ju ly /Augus t  sampling, a n d  6 

u g / l  of carbon tetrachloride, 8 u g / l  t r ichloroethene,  a n d  12  u g / l  toluene in  the 

November 1987 sampling. Again ,  a s  discussed previously, t he  toluene a n d  CCI4 
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concentrations appear to be laboratory contamination or analytical  error;  this further 

renders suspect the trichloroethene concentration detected. Both SW-41 and SW-40 

samples contained metal concentrations above background, specif ical ly aluminum (2.5 

mg/l) ,  iron (2.0 mgil) ,  magnesium (13.4-20.8 mg/l), sodium (25-45.8 mg/l),  and 

strontium (0.3-0.97 mg/l)  (Table 6-5). In addition, the concentrations o f  calcium, 

chloride,  nitrate,  sulfate,  T D S ,  and bicarbonate exceeded the background ranges for 

ground water or sur face  water. 

Stations SW-33, 32,  and 34 are located on Woman Creek south o f  the 881 

Hillside. Except  a t  SW-32 i n  November 1987,  at these sampling locations, no HSL 

organics were detected, a n d  no major ions except calcium a t  6 5  m g / l  in SW-34 were 

above background. T h e  November 1987 sample from SW-32 contained 6 ug/l  carbon 

tetrachloride, 26 ug/l  trichloroethene, and 1 2  ug/l  toluene. A s  discussed for the SW- 

4 1  sample collected in November 1987,  the organic concentrations may be due to 

laboratory contamination or analytical error. The  radionuclide concentrations were at 

or below the background concentration ranges presented in Table  6-8. Metals 

concentrations exceeded background values at SW-34 for only magnesium (7.2 mg/ l )  

a n d  potassium (0.750 mg/l). 

Downstream o f  sur face  station SW-32 on Woman Creek is Pond C-1. Samples 

of sur face  water in Pond C-1,  collected in August 1986 ,  contained no detectable 

concentrations o f  HSL volatile organics or HSL base/neutral  ac id  compounds. Major 

ion concentrations were a t  or near background values. Concentrations o f  U -  233+234 

a n d  U-238 were 1.8 (0.3)and 1.5 (0.3) p C i / l ,  respectively. These concentrations are 

within background l imits  of alluvial ground water. T h e  U- 

concentrations are  similar t o  the concentrations present downstream in SW-29 and SW- 

28. and to the historical averages for Pond C-1 (Table 6-11). 

233+234 and u - 2 3 8  
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Except  in November 1987 a t  Sui-29, at stations SW-29 and SW-28 the data indicate 

that  HSL organics were not detected, and i h a t  metal and major ion concentrations 

were present above background levels. I n  the November 1987 sampling o f  SW-29, the 

following volatile organic compounds were measured above detection limits: carbon 

tetrachloride (7 ugll); trichloroethene (42 ug/l)  and toluene (12 ug/l). As previously 

discussed, the organic concentrations appear to be due to laboratory contamination or 

analytical  error. T h e  concentrations of the following metals and major ions exceeded 

background levels at SW-28: calcium, chromium, copper, magnesium, manganese, 

potassium, sodium, strontium, zinc,  chlorides, sulfates,  T D S ,  and bicarbonate (Tables 

6-5 and 6-6). Alluvial ground water in the vicinity o f  station SW-28 is elevated in 

ma jor  ions, thereby indicating a possible interconnection between ground water and 

sur face  water at station SW-28. 

I n  summary, surface water samples collected from the South Interceptor Ditch 

contained concentrations of U-238 above background and concentrations o f  U- 

233+234 at or near background. T h e  samples collected upstream of  the 8 8 1  Hillside 

a r e a  have higher radionuclide concentrations than those downstream of  the 881 

Hillside area. Sur face  water samples from Woman Creek contained concentrations o f  

radionuclides at or near background levels. Thus, the 881 Hillside Area is not 

impacting the surface water o f  the South Interceptor Ditch or Woman Creek with 

respect to radionuclides. 

Except for  the November 1987 sampling, H S L  organics were not detected in 

t h e  South Interceptor Ditch or Woman Creek. Carbon tetrachloride, trichloroethene 

toluene, and l , l , l - t r i ch loroethane  were measured in samples collected both in Woman 

Creek and in the South Interceptor Di tch  in November 1987. T h e  concentrations of 

these contaminants were similar in a l l  samples whether collected from upstream or 
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downstream stations, suggesting that these numbers are likely laboratory ar t i fact .  

Therefore,  it is concluded that the quali ty of the surface water in the South 

Interceptor Ditch or in Woman Creek is not being impacted in terms of volatile 

organics by the 881 Hillside Area. 

The surface water of the South Interceptor Ditch and Woman Creek, in 

general, contained concentrations of metals and  major ions within background surface 

water and  alluvial ground water ranges. Except for sodium concentrations, no  trends 

of increasing or decreasing metals a n d / o r  major ions are observable downstream of 

the  881 Hillside Area (Tables 6-5 and  6-6). The general increase i n  sodium 

concentrations downstream in both the South Interceptor Ditch and in Woman Creek 

may  result from an increased influence of ground water recharge to surface water 

downstream of the 881 Hillside Area. 

6.2 SEDIMENTS 

Sediment samples were collected during the 1986 Phase 2 initial site characterization 

f r o m  creeks and ditches that traverse the Rocky Flats Plant. Impacts of the 881 

Hillside Area and the 903 Pad and  East Trenches Areas on stream sediments would be 

reflected in the data collected for  sediment stations SED-1 and SED-2 in the Woman 

Creek drainage. Except for the presence of what appears to be laboratory introduced 

contamination (acetone and methylene chloride), HSL organics were not detected in 

these sediment samples. As radionuclides are the contaminants of greatest concern in 

terms of sediment transport, potential  radionuclide contamination of downgradient 

sediments is the focus of this discussion. 
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6.3.1 Background Sed iment Chemistry 

S E D - 1 5  was collected in Woman Creek near the west boundary o f  the faci l i ty 

a n d  is thus representative o f  background conditions. HSL organic compounds (other 

than suspected lab contaminants) were not present above detection limits. Major ion 

concentrations o f  this sediment sample consisted of  calcium (360 pprn), magnesium 

(300 pprn), phosphate (310 ppm) and potassium (330 pprn). Other cations and anions, 

including nitrates,  were approximately an order of magnitude lower in concentration. 

Concentrations of metals and radionuclides (Table  6-12) were within apparent 

background values for soils and typical of  values observed at another upstream 

station on Church Ditch. 

6.3.2 Downgradient Sediment Chemistry 

Downstream samples from the 881 Hillside were collected at stations S E D - 1  

a n d  S E D - 2 ,  located adjacent to Indiana Street. Metals in S E D - 1  and SED-2 were in 

similar concentrations to background values. Major ions were elevated in SED-1  with 

calcium (1,740 pprn), magnesium (1,080 ppm), potassium (18,600 pprn), phosphate 

(4-990 ppm), and sulfate (244 ppm) concentrations being above background. 

Plutonium was the only radionuclide above background in the sediments at 

S E D - 1  a n d  SED-2.  T h e  respective concentrations were 0.06 (0.02) and 0.03 (0.02) pCi/g 

(Table  6-12). SED-2  is located on an  ephemeral stream due  north o f  Woman Creek, 

which drains the Eas t  Trenches Area. The  elevated concentrations a t  SED-1  and SED-  

2 a r e  similar to those reported for  soils in this v ic in i ty  (Rockwell International,  

1987a),  implying that  these elevated plutonium concentrations are  simply due to 

resuspension and settling of contaminated dust f r o m  t h e  903 Pad Area. In 1986, 
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TABLE 6-12 
WOMAN CREEK DRAINAGE-SEDIMENT SAMPLES (pCi/g)* 

AUGUST 1986 

Rsdiochemistrv SED- 15 SED- 1 SED-2 

Uranium 238 0.36(0.22) 
Uranium 233, 234 0.38(0.23) 
Plutonium 239, 240 - O.OS(0.08) 
Americium 24 1 0.02(0.07) 
Tritium 0.2 l(0.26) 

0.26(0.17) 0.49(0.24) 
0.47(0.23) OSl(0.25) 
0.06( 0.02) 0.0 3 (0.02) 
0.0 l(O.0 1) 0.01(0.01) 
0.30(0.26) 0.32(0.26) 

* Parentheses indicate the 2 standard deviation counting error. 
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surface water stations at SED-1 (SW-1) and SED-2 (SW-2) were both dry at the time 

sediment samples were collected. 

6.4 FLOOD POTENTIAL 

Federal Emergency Management Agency (FEMA) Flood Insurance Rate Maps 

were obtained for the areas surrounding the Rocky Flats Plant. These maps exclude 

the area within the Plant; however, they indicate a narrow 100-year flood plain for  

Woman Creek up to the eastern Rocky Flats property boundary. The  FEMA map 

flood plain was extrapolated upstream into the facility along Woman Creek (Figure 6- 

1)- 

A review of topographic maps indicates that  the 881 Hillside at  Rocky Flats 

Plant is well above any potential 100-year flood plain. Elevations of SWMUs at the 

881 Hillside area range from 5,944 to 5,995 feet above mean sea level. Average 

stream channel elevations for Woman Creek, below the 881 Hillside, ranges from 5,880 

due  south of SWMU 106 to 5,820 at Pond C-1. 
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Section 7.0 



7.0 AIR 

The prevailing wind direction at  the Rocky Flats Plant, as indicated by the 

1986 Plant wind rose (Figure 7-1) is westerly ranging from northwesterly to 

southwesterly. Several Plant particulate air  samplers which measure airborne 

plutonium Contamination are Iocated both upwind and downwind of the 881 Hillside 

Area. Results of the particulate air sampling indicate little difference between the 

airborne plutonium contaminants a t  thc upwind and downwind sampling locations 

surrounding the 88 1 Hillside Area. Historically, the highest concentrations of 

airborne plutonium a t  the Plant have been measured by three air  samplers downwind 

(eaqt, southeast, and northeast) of the 903 Pad Area. These samplers are also 

downwind of the 881 Hillside Area. Long term air sampling Iias shown that there is a 

recognizable difference in plutonium concentraiions betwa;en these downwind air 

samplers and the air  samplers located between the 881 Hillside Area and the 903 Pad 

I 

Area. Plutonium concentrations between she 881 Hillside and the 903 Pad are 

significantly lower than those collected east of the 903 Pad Area. 

An analysis of ambient air  data f a r  1987 indicates volatile organics were 

released to air during remedial investigation field activities, and plutoniuin 

concentrations in air  were below the DOE Derived Concentration Guide of 0.02 pic0 

Curies per cubic meter (pCi/m 3 ) o f  plutonium activity. These conclusions are based 
- 

on I )  rea1 time volatile organic monitoring conducted during 1987 field activities 

(Section 7.2); and 2) particulate sampler data from stations near the 881 Hillside Area 

(Section 7.1). The absence of radioactive contamination of  either personnel or 

equipment associated with 88 ]I Hillside field activities also supports these conclu,' =tons. 
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Figure 7-1: 
1986 Annual Wind Rose for the Rocky Flats Plant 
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7.1 P L A N T  AMBIENT A I R  MONITORING 

Ambient a ir  monitoring f o r  radionuclides is conducted as a part o f  the routine 

environmental monitoring program a t  the Plant. The a i r  samplers f o r  these 

monitoring activities are sited at  various locations within the Plant, around the Plant 

perimeter, at nearby locations readily accessible to the Plant, and at  nearby 

community locations. In addition, sampling is conducted f o r  the basic criteria 

pollutants established under the Clean Air Act (CAA) at  a single location near the 

east gate. 

7.1.1 Ambient Air Samoling f o r  Radionuclides 

The Plant Radioactive Ambient Air  Monitoring Program (RAAMP) was 

developed by expanding upon the recommendations of the 1972 Colorado State 

University study. Most o f  these samplers have been in operation since their 

installation (May 1974 through January 1976). The program is currently comprised o f  

f ifty-one particulate air samplers (RAAMP samplers) which operate to determine total 

long lived alpha (TLL alpha) activity and plutonium concentrations f o r  purposes of 

protecting human health and the environment. T h e  RAAMP samplers operate a t  a 

volumetric flow rate of approximately twelve liters per second (25 cfm). Particulates 

are collected on a twenty by twenty-five centimeter (8x10 inch) fiberglass f i l ter  

media. These filters are 99.42% eff icient  in collecting particulates in the 0.01 to 1.0 

micron range, as characterized by the median aerodynamic diameter (Wedding and 

Carney, 1978; Wedding and others, 1984; and Schleicher and Schuell, Inc., 1982). As 

the particle size increases, the f i l ter  collection eff iciency increases f o r  these particles. 

These samplers have an approximate size cutoff  in still a ir  o f  30 microns. This  gives 
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excellent coverage o f  the total size range o f  respirable particles as discussed in  

applicable EPA publications (€PA 1982 and 1985a). 

Figure 7-2 presents the location o f  the RAAMP samplers on and adjacent to 

the Rocky Flats Plant. Figure 7-3 shows the locations o f  off-site community RAAMP 

samplers. Twenty-three o f  these monitoring stations are located directly within or 

adjacent to the Plant security area (on-site samplers). Exposed filters from these 

twenty-three on-site samplers are collected biweekly and analyzed individually for 

TEL alpha activity. The exposed filters from the remaining twenty-eight sampler 

locations are collected bi-weekly and are composited by location into monthly samples 

and the composites are sampled individually for  plutonium. 

Filters from f ive  o f  the twenty-three on-site samplers have historically shown 

a higher level o f  plutonium than other on-site RAAMP samplers. These sampler 

locations are S-5, S-6, S-7, S-8, and S-9. As indicated by Figures 7-1 and 7-2, each o f  

these samplers can be directly impacted by potential emissions from the 903 Pad, 

Mound, and East Trenches Areas. In particular, samplers S-7, S-8, and S-9 are most 

likely to be impacted by soils disturbance activity in this area. Exposed filters from 

each o f  these f ive  sampler locations are analyzed separately f o r  plutonium on a 

biweekly basis. Increases in the plutonium concentrations measured a t  these sampler 

sites were noted in 1987. However, these concentrations were well below the DOE- 

DCG o f  0.02 pCi/m3 for  plutonium in ambient air. 

The samplers surrounding the 881 Hillside Area, S-10, S-11, S-12, S-17, S-18, S- 

19, S-23, are among the remaining eighteen on-site samplers. The exposed filters from 

these eighteen samplers are collected biweekly and analyzed individually f o r  TLL 

alpha activity. Plutonium and uranium are both alpha particle emitters; therefore, 
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these filters are first analyzed f o r  TLL alpha activity. A Plant Screening Guide 

(PSG) o f  0.01 pCi/m3 of TLL alpha activity has been established a t  the Rocky Flats 

Plant. The PSG is more conservative than the DOE DCG for  plutonium inhalation by 

members o f  the public o f  0.02 pCi/m3. The PSG is used instead of the DCG because 

it is lower than the DCG and includes both plutonium and uranium. 

Any of the exposed filters from these eighteen on-site samplers which exceed 

the PSG value are specifically analyzed for  plutonium. Filters are only analyzed for 

plutonium, as i t  has historically been the radionuclide o f  concern at  the Plant. In the 

last ten years, only three exposed filters have exceeded the PSG value and therefore 

been analyzed for  plutonium. Two o f  these incidents occurred prior to the recent 

field activities a t  the 881 Hillside Area, and the third remaining exceedence occurred 

in December 1987 on the north side of the Plant (away from the 881 Hillside Area). 

Plutonium analyses o f  these filters indicated near fallout levels o f  plutonium (Section 

7.1.3) 

Results o f  the Plant RAAMP samples are published in the "Monthly 

Environmental Monitoring Report" and summarized on a yearly basis in the "Annual 

Environmental Monitoring Report". Appendix I provides summary data for a t  least 

ten years f o r  the RAAMP program. These data are arranged by sampler location as 

determined by on-site (Appendix I-l), perimeter (Appendix 1-2), or community 

samplers (Appendix 1-3). As the tables indicate, since 1977, mean annual plutonium 

levels a t  al l  on-site samplers ha;e been less than 7% o f  the DOE. DCG o f  0.02 pCi/m3 

plutonium activity. Perimeter and community ambient a ir  samplers have recorded 

mean annual plutonium concentrations below 0.4% o f  the DOE DCG value since their 

installation. 
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7.1.2 Routine Nonradioactive Ambient Air Monitorinq 

The routine nonradioactive ambient a ir  monitoring program was instituted at  

the Rocky Flats Plant to address regulations concerning criteria a ir  pollutants 

(NAAQS). This program consists o f  one sampling station and includes some limited 

PM-10 sampler data. The NAAQS sampling program was not instituted to yield data 

sgecif ic  to any area undergoing remedial investigations; however, the following 

information is presented f o r  completeness. 

Ambient a ir  monitoring at the Plant includes the monitoring o f  the following 

pollutants: total suspended particulates (TSP), ozone, sulfur dioxide, carbon 

monoxide, nitrogen dioxide, and lead. These six parameters are criteria pollutants 

regulated by the EPA and the State of Colorado through the Clean Air  Act  (CAA), 

and they are monitored, a t  a single location near the east entrance to the Plant, 

throughout the year (Figure 7-2). This sampling is conducted in an open area near a 

traffic zone, generally downwind from Plant buildings. This  sampling location is not 

intended to provide pollutant concentration data f o r  site specific remedial 

investigation activities such as that conducted in the 881 Hillside Area during the 

summer and fall o f  1987. As discussed in Section 7.2, short-term site specific 

sampling was conducted to monitor such activities. I 

I 
I 
1 

I In general, the values for  al l  of the analyzed criteria pollutants (TSP, lead, 

sulfur dioxide, carbon monoxide, nitrogen dioxide, and ozone) were measured a t  30 

percent or less of any applicable limits or guidelines, with the exception of TSP and 

ozone. The highest TSP value for  1986 (a 24-hour sample) was 156 micrograms per 

cubic meter (ug/m3), which is 60 percent of the primary 24-hour National Ambient 
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Air Quality Standard (NAAQS) standard of 260 ug/m3. The annual TSP geometric 

mean value for  1986 was 48 ug/m3, which is 64 percent of the NAAQS primary 

3 annual geometric mean standard of 75 ug/m . 

The maximum I-hour 1986 ozone value was 0.18 parts per million (ppm), which 

is 151 percent of the NAAQS primary one-hour standard of 0.12 ppm. The second 

highest 1-hour ozone value was 0.17 ppm. These ozone values are consistent with 

levels measured in  the general Denver metropolitan area during high pollution 

episodes. Volatile organics emissions resulting from RI activities would not be 

sufficient to impact ambient ozone levels as measured at  this location. 

7-13 SDecial Dust ResusDension Studies 

A number of studies have been conducted a t  

background levels of plutonium. No true backgrounc 

Rocky 

for p 

Flats to investigate 

itonium exists since 

plutonium is a man-made element. Nevertheless, plutonium is found worldwide in 

extremely low concentrations due to atmospheric testing of nuclear weapons and the 

consequent fallout of plutonium from the atmosphere, Background levels of 

plutonium near the Plant were estimated in a Colorado State University study a t  less 

than 0.845 picocuries per gram (less than 0.1 dpm/gm) in 1979 (Whicker, 1999). 

Research has been conducted at  the Plant on the classical theory of soil 

resuspension by saltating soil particles (Sehmel, 1980; Environmental Studies Group 

198 la; Environmental Sciences Branch 1981 b; Environmental Sciences Branch 1982; 

Environmental Sciences Branch 1983; Environmental Sciences Group 1984; Application 

Technology Branch 1984; Application Technology 1986). The classic wind erosion 

theory for soil predicts resuspension to increase based on a third power relationship 
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with wind speed. On this basis, the airborne plutonium concentration should reflect 

the soil concentration as the dust in the air would originate uniformly from the soil. 

In a special study a t  the 903 Pad Area, airborne concentrations did not correlate with 

average wind speed and wind direction data, nor were any correlations observed 

between samplers (Environmental Sciences Branch, 1981a and 1983). In fact, during 

seven years of study a t  the Rocky Flats Plant, only two instances were identified in 

which resuspension was clearly affected by wind. These instances were major wind 

storms of 100 and 130 mph winds. The anticipated correlation between other high 

wind events, common in the area, and elevated plutonium concentrations is not borne 

out by the data. 

While no working model for dust resuspension has been developed for  the 

Plant, the research conducted a t  Rocky Flats indicates that 70 percent of all airborne 

plutonium activity was on particles greater than 15 microns in median aerodynamic 

diameter. Such large dust particles are in the non-respirable size range. Finally, the 

RAAMP samplers, operational at  the RFP for over ten years, document that TLL 

alpha and plutonium concentrations have been f a r  less than the applicable DCG. 

7.2 REMEDIAL INVESTIGATION AIR SAMPLING RESULTS 

7.2.1 Radiometric Survey 

A radiometric survey of -the entire Plant security area was completed in 1984 

using a Field Instrument for Detecting Low Energy Radiation (FIDLER). Operations 

of the FIDLER probe gamma survey instrument are reviewed in Case and others 

(1971). This survey also included limited areas outside the Plant security area. The 

881 Hillside Area was surveyed as a part of this study. The survey results indicated 
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background levels of gamma radiation (250 counts per minute) for  most of the Plant 

site. Four small areas, eleven square feet each, were above background for gamma 

activity on the 881 Hillside Area (Figure 7-4). 

FIDLER surveys were also performed a t  each specific drilling location prior to 

beginning drilling activities and after compIetion of the drilling activities. The 

results of these surveys indicated background levels of ionizing radiation. 

Core samples were smeared and the smears counted using an air proportional 

detector. During Phase TI of the 

drilling program, personnel were required to wear DOE white cotton coveralls and 

boot covers when drilling in the 881 Hillside Area. The personnel conducting the on- 

Smears of all cores indicated background levels. 

site drilling were required to wear Saranex coveralls, gloves, shoe covers, and supplied 

air  respirators. 

During Phase 11, equipment and personnel were monitored for  radioactive 

contamination when exiting the area. Personnel were monitored using an air 

proportional alpha survey meter. No contamination was noted on personnel during 

the field activities. Equipment was monitored with an  air proportional alpha survey 

meter or by taking smears of the surface and counting the smear for alpha activity. 

No equipment was contaminated with radioactive material. 

The extensive monitoring that was conducted and the fact that no 

contamination was ever found on equipment or personnel indicates that  resuspension 

of radioactive material was not a problem at the 881 Hillside Area. 
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High volume samplers were installed and operated for the duration of the 

borehole and well drilling activity at the 881 Hillside Area. The samplers were 

located downwind of  each drilling site. At the conclusion o f  the daily activity, the 

filters from the air samplers were removed and analyzed for TLL alpha activity. 

None o f  the samples collected during the borehole and well drilling activities showed 

excessive levels o f  TLL alpha activity. 

The RAAMP data for the Plant site air samplers S-6, S-7, S-8, S-9, and 

perimeter sites S-38, S-39, and S-40 are presented in Table 7-1 for the months of  May, 

June, October, November, and December 1987. These data were collected during the 

Phase I and Phase I1 borehole and well drilling activities at the 881 Hillside Area. 

Based on wind rose data for the Plant (Figure 7-1), these air sampler results have a 

high probability o f  indicating releases resulting from drilling and vehicular activity 

during the 881 Hillside activity. Sampler locations S-10, S-18, S-19, and S-23, located 

between the 903 Pad Area and the 881 Hillside Area, were not analyzed for 

plutonium during these months because the TLL alpha activity did not exceed PSG 

criteria. 

The monthly averages for plutonium at the perimeter sampling sites (S-38, S-39, 

S-40) during the site investigation are the same or lower than the historical averages 

for the same sampling sites. The on-site samplers (S-6, S-7, S-8, S-9) recorded values 

during the 881 Hillside Site Investigation which are well below the DCG. 
- 

7.2.2 Volatile Oraanic Co moound Survev 

Personnel trained in industrial hygiene surveyed the 881 Hillside Area on 

March 21, 1987, for the presence of volatile organics in ambient air. The surveys 
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were done with Dreager tubes sensitive to PCE and TCE. These two compounds were 

chosen since investigations prior to March 1987 had indicated PCE and TCE were the 

most commonly found contaminants a t  the 881 Hillside Area and were also found in 

higher concentrations than other contaminants. The detection limit for PCE and TCE 

by the Dreager tube method is one part per million. 

Air sampling was conducted six inches above the ground, at  numerous point 

locations throughout the 881 Hillside Area. All values were below detection limits 

except for two tetrachloroethane readings (Table 7-2). These readings were located 

near a currently operating hazardous waste satellite collection area for solvents. It i s  

conjectured that the hazardous waste satellite collection station was the source of the 

2 and 3 ppm values of PCE rather than sources of volatile organics in the soil. 
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8.0 BIOTA 

This section will describe the flora, biota, and aquatic l i fe  found at  Rocky 

Flats Plant (which includes the 881 Hillside Area) as described in previous 

investigations. 

8.1 FLORA 

The Rocky Flats Plant is located at an approximate elevation o f  6,000 feet 

above mean sea level where plains grassland vegetation meets lower montane forest. 

Within the Plant boundaries a variety of vegetation thrives. Included are 

species of flora representative of tall grass prairie, short grass plains, lower montane, 

and foothill ravine regions. Some areas are dominated by introduced Eurasian weeds. 

It is evident that the vegetative cover along the Front Range of  the Rocky Mountains 

has been radically altered by human activities such as burning, timber cutting, road 

building, and overgrazing for  many years. Land within the original 2,520-acre site 

boundary, however, has not been grazed since 1951 and generally lias been 

undisturbed since that time. Some disturbed areas have been reseeded with natiye 

and introduced grass mixtures (DOE, 1980). 

Weber and others (1974)-conducted an-inventory of  the botany at the Plant 

from June through September o f  1973. They reported that 327 species of  vascular 

plants, 25 lichens, 15 bryophytes, and one macroscopic green algae species had been 

observed in the area. An annotated list o f  species occurring at Rocky Flats is given 

in Appendix G, none being on the endangered species list (DOE, 1980). 
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Within the property boundary, but west o f  the security area, the soils are 

primarily composed of gravelly, fine-textured soils. The vegetation is dominated by a 

mixture of warm season and cool season grasses. The  vegetation on the eastern part 

of the property contains more cool season grasses and is more diverse due to the less 

uniform topography. Narrow bands of riparian vegetation line the drainage 

throughout the Plant site. 

In  1975, about 4,000 

buffer  zone. Much o f  the 

overgrazed, but it appears 

acres surrounding the Plant were purchased to enlarge the 

area lying between the old and new boundaries had been 

that vegetation is recovering from grazing that occurred 

prior to Government acquisition o f  the land. 

grasses like big bluestem and side-oats grama that are sensitive to disturbances. 

This is evidenced by the presence o f  

The  f lora o f  the 881 Hillside are as described previously. Vegetation is 

currently growing heavily throughout the area, with efforts being 

the f ield work’s impact on vegetation in order to prevent erosion 

soil. 

taken to minimize 

and areas o f  bare 

8.2 WILDLIFE. 

A’ list o f  mammals, birds, amphibians, and reptiles observed at the Plant is 

given in Appendix G. 

- 
There are no effective barriers to animal migration or movement on or o f f  the 

undeveloped areas o f  the Plant. This  area supports a variety o f  animals classically 

associated with the western prairie regions. No rare or endangered species have been 

reported or have been found among the wildlife inhabiting or migrating through the 

area (Appendix G). The most common large mammal a t  the Rocky Flats site is the 
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mule deer. Most of the estimated 100-125 deer appear to be permanent residents of 
I 

the site. White-tailed jack rabbits and the desert cottontail also inhabit the area. 

Carnivores in the area include coyote, red fox, striped skunk, and long-tailed weasel. 

Badger and raccoon are occasionally observed. Muskrat occur in the vicinity of the 

streams and ponds (DOE, 1980). 

I 
I 
I 

Commonly observed birds include western meadowlarks, horned larks, 

A variety of ducks, killdeer, and red-winged I mourning doves, and vesper sparrow. 

black birds are  seen in areas adjacent to ponds. Mallards and other ducks frequently 

nest and rear young on several of the ponds. Common birds of prey in the area 

include marsh hawks, red-tailed hawks, Ferruginous and American rough-legged 

I 

hawks, and great horned owls (DOE, 1980). 

1 
Bull snakes and rattlesnakes are the most frequently observed reptiles. Eastern 

yellow-bellied racers have also been seen. The eastern short-horned lizard has been 

reported on the site, but these and other lizards are not commonly observed. The 

western painted turtle and the western plains garter snake are found in and around 

many of the ponds (DOE, 1980). 

I 
I 
I 8.3 AOUATIC LIFE 

Woman Creek is an intermittent stream that runs through the area south of the 

881 Hillside. This stream receives snowmelt, -storm runoff, and irrigation water, it 

does not currently receive discharges from Plant operations. Holding pond C-1 

collects stream water and is used as a monitoring point for Woman Creek. Holding 

pond C-2 collects stormwater runoff from the South Interceptor Ditch. This diversion 

I 
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system, including pond C-2, is isolated from Woman Creek, and is sampled before 

discharge. , 

Woman Creek supports an aquatic biota typical of small high-prairie streams 

receiving a minimum of agricultural land runoff and domestic or industrial wastes. 

Due to the low nutrient content in Woman Creek, the stream supports only a small 

algal population. The rocky bottom of Woman Creek supports a relatively diverse 

biota composed of mayflies, caddisflies, and other forms typical of clean water 

streams. Redside dace minnows are abundant in the stream and in the ponds; a few 

bluegill are also present. A list of the aquatic organisms known to occur in the 

streams and ponds of the Plant area is given in Appendix G. 

Woman Creek water and sediments have been sampled for both radionuclides 

and hazardous constituents. The results of  these sampling activities are  discussed in 

Section 5.0 of this report. A biological sampling of the stream system is not justified 

at  this time. Impacts of potential remedial alternatives on the stream will be 

evaluated, and additional sampling will be conducted if necessary, 
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Section 9.0 



9.0 PUBLIC H E A L T H  A N D  E N V I R O N M E N T A L  CONCERNS 

This section identifies potential receptors, public health impacts, and the 

environmental impacts of contaminants found at t h e  881 Hillside Area. Previous 

sections of this report have described remedial investigation sampling results. 

Samples were collected from air ,  soils, sediment, surface water, ground water, flora, 

and fauna. Soil gas techniques and geophysical techniques were also used to 

investigate the 881 Hillside Area. These data were used to evaluate contaminant 

presence, distribution, migration, and fate. 

As  discussed i n  Sections 4.0, 5.0, and 6.0, contaminated soil, ground water, and 

surface water occur at the 881 Hillside Area. The contaminants of greatest concern 

from a public health perspective are volatile organic compounds (VOCs) and uranium. 

VOCs occurred in both soil and water while uranium contamination appears to be 

confined to alluvial ground water and possibly surface water. Plutonium, americium, 

and tritium contamination is not apparent in any media. Metals were not found to be 

a contaminant of the soils; however, strontium and selenium were elevated above 

estimated background levels in both alluvial and bedrock ground water. Nickel also 

appears to be elevated above background levels in alluvial ground water. 

9.1 POTENTIAL RECEPTORS 

Based on 1980 Census data, approximately 1,585 individuals live within four 

miles of the Rocky Flats Plant. Approximately 2 million people live within a SO mile 

radius of the Plant. Population density is greatest to the south and east o f  the Plant 

(Figure 3-1). A 6,150-acre buffer  zone around the manufacturing facilities is 
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maintained as a restricted access area by the Plant and is actively patrolled by armed 

security guards. The buffer  zone extends approximately 1.6 miles from the 881 

Hillside Area to the nearest plant boundary. Therefore, a residence closer than 1.6 

miles from the 881 Hillside Area is not possible. Currently the closest residence is 2.1 

miles from the center of  this area. The only possible routes of  exposure to the 881 

Hillside contamination are through direct exposure to waste sources and contaminated 

soil, inhalation of contaminated air ,  ingestion of contaminated ground water, and 

ingestion of contaminated surface water. Without primary exposure to contaminants 

through one of  the above media, no secondary exposure to contamination can occur. 

Secondary exposure to contamination is defined as exposure to contamination caused 

by a change in the mode of transport of  that contaminant. For instance, primary 

migration of  volatile organics may occur in surface water. Secondary exposure could 

occur through consumption of  food crops that have taken up the volatile organic 

compounds from irrigation water whose source was that surface water. 

9.1.1 Direct So urce Co ntact Potential ReceDto rS 

Since the 881 Hillside Area is within the Plant buffer  zone and access to the 

buffer  zone is restricted, direct exposure of the public to contaminated soil is not 

possible. A n y  potential for  contact with contaminated soil will be limited to  workers 

involved in investigative and remedial activities. All remedial action workers will be 

protected by protective clothing, the use of respirators when necessary, and by air 

monitoring during field activities. Industrial hygienists and health physicists will 

prepare a personnel protection plan prior to the initiation o f  remedial activities. 
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9.12 Potential R w t o r s  o f Contaminated Air 

Long-term exposure of individuals to directly resuspended dust and to 

contaminated air  can only occur to  those individuals who are  residents near the Plant 

because greater distances from the Plant will cause dilution of any plume by 

advection, dispersion, and  diffusion. T o  be exposed to  contaminated air, individuals 

would also need to  be within a plume of contamination from the Plant. Winds at  the 

Plant  are predominantly from the northwest. A wind rose f o r  the Plant is provided 

in Figure 7-1. The low population density within four miles of the Plant indicates 

t h a t  relatively few individuals are  potential receptors of contaminated air. 

9.1.3 Pote ntial Recepto rs of Contaminated G round Water 

of the P 

17, and 

Hillside 

Table 9-1 presents all  registered water supply well locations within three miles 

ant. The closest downgradient water supply wells a re  numbers 11, 12, 13, 16, 

20. Wells 11 and 12, approximately 2.2 miles east and north of the 881 

4rea could not be physically located in the summer of 1986. These two wells 

would be located on City of Broomfield land, and City employees had no knowledge 

of these wells (Rockwell International, 1 9 8 6 ~ ) .  The majority of the wells presented in 

Table 9-1 are used to obtain drinking water for either humans or livestock. The 

nearest registered downgradient wells (wells 20, 13, 16, and 17) are  located 

approximately 2.6 miles east and  slightly south of the 881 Hillside Area. 
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TABLE 9-1 

WELLS REGISTERED WITH THE COLORADO STATE 
ENGINEER WITHIN THREE MILES OF THE ROCKY FLATS PLANT 

Ref. Permit Location 
No. Number Quarter Sec. Tsp. Rng. U s e  

Est. Zone 
of Comple- 
t i o n  Owner 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

24243 SW/SW 
29289 SW/SW 
34582 SW/SE 
113864 NW/SW 
119287 SW/NW 
105613A NE/NW 
108871 NW/W 
28678F SE/W 
235913 SW/NE 
23590F NE/NE 
28779 SW/SW 

15044R SW/NW 
132576A SE/SE 
103583A SE/SE 
962872 NE/SE 
29620 NE/SE 
52028 SE/SE 
132562 SE/SE 
132563 =/NE 
138834 NE/NE 

104756 NE/NE 
89558 NE/NE 
131220 NE/= 
122624 =/NE 
26730F W/NW 
104756 =/NE 
26942F =/NU 
131841 NE/NW 

9126 =/m 

26A NE/m 

3 1  
3 1  
31 
3 1  
31 
31 
3 1  
6 
6 
6 
6 
7 
17 
18 
18 
18 
18 
18 
18 
18 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 

“-1s. R.69 W. 
T.1S. R.69 W. 
T.1S. R.69 W. 
T.1S. R.69 W. 
T.1S. R.69 W. 
T.1S. R.60 W. 
T.1S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 
T.2S. R.69 W. 

1 
3 
1 
0 
1 
1 
1 
8 
8 
8 
1 
1 
5 
3 
3 
0 
1 
2 
3 
1 
1 
1 
1 
1 
0 
1 
6 
0 
8 
6 

Klr/RpL Hardaway, R.  
KA/KpL Rardaway, R. 
XA Heath, G . D .  
Unk Waitman, D.B. 
Unk Roberts, B.A. 
Unk H a r t ,  G.D 
Unk Smith, 8f.R 
Unk Carlson, C.F. 
Unk Jcffco A i r  Pk 
Unk Jeffco A i r  Pk 
Qa McCadden, R. D. 
Qa McCadden, R.D. 
KA Lyons, H.D. 
Unk Woodis, B.J 
Unk Brauch, K. 
Unk Brauch, T. 
KA Brauch, D 
KA Brauch, K 
Qa Woodis, B.J 
Qa Woodis, B.J 
U n k  Wicker, H.H. 
Unk Ladwig, A.E. 
Unk Welt, D.L. 
Unk Ladwig, W.E. 
Unk Wertz, R.H 
Unk Wertz ,  R.H 

Unk Welt, D.L. 
Unk Cook, H . E .  

Unk Cook, W O E .  
unk Cook, HOE. 
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TABLE 9-1 

WELLS REGISTERED WITH THE COLORADO STATE 
ENGINEER WITHIN THREE MILES OF THE ROCKY FLATS PLANT 

(Continued) 

Est. Zone 
Ref. Permit Location of Comple- 
NO. Number Quarter Scc. Tsp. Rng. Use tion Owner 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

49 
so 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

48 

269373 
26 
1246 
8117 
14820 
15251 
15252 
18383 
19 0 69 
32849 
45855 
2862 
88218 
15060 
130482 
26511 
3338 
42120 
28915 
17190F 
3257 
10003F 
23787F 
131860 
131861 
2679F 
20196 
34955 
970391 
34149 

19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
33 
34 
36 
36 

S 
5 
8 
9 
16 
21 
22 
22 
23 
23 
24 
24 
24 
25 
25 

T.2S. R.69 W. 8 

T.2S. R.69 W. 1 
T.2S. R.69 W.  1 
T.2S. R.69 W. 1 
T.2S. R.69 W .  1 

T.2S. R.69 W. 1 
T.2S. R.69 W. 1 
T.2S. R.69 W. 1 
T.2S. R.69 W. 1 

T.1S. R.70 W. 0 
T.lS. T.70 W. 1 
T.1S. R.70 W. 1 
T.2S. R.70 W. 5 
T.2S. R.70 W. 1 
T.2S. R.70 W. 1 
T.2S. R.70 W. 2 
T.2S. R.70 W. 4 
T.2S. R.70 W. 1 
T.2S. R.70 W. 5 
T.2S. R.70 W. 4 
T.2S. R.70 W. 4 
T.2S. R.70 W. 4 
T.2S. R.70 W. 5 
T.2S. R.70 W. 3 
T.2S. R.70 W .  1 
T.2S. R.70 W. 1 
T.2S. R.70 W. 1 

T02S. R.69 W e  1 

T02S. Re69 W e  1 

T.1S. Re70 W. 1- 

Unk 
KA 
KA 
KA 
KA 
KA 
KA 
KA 
KA 
KA 
KA 
Unk 
Unk 
KA 
Unk 
Qa 
Qa 
Unk 
Qa 
KFL 
KFL 
KFL 
Unk 
Unk 
Unk 
KA 
KA 
KA 
Unk 
KA 
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TABLE 9-1 

WELLS REGISTERED WITH THE COLORADO STATE 
ENGINEER WITHIN THREE MILES OF THE ROCKY FLATS 

( C o n t i n u e d )  

Est. Zone 
R e f .  Permit Location of Comple- 
NO. Number Quarter Sec. Tsp. Rng. U s e  tion Owner 

61 34541 NW/NE 25 T.2S. R.70 W. 1 KA Collicott, D.W 
62 35405 NW/NE 25 T.2S. R.70 W. 1 KA Collicott, D.W 
63 61190 NE/NE 25 T.2S. R.70 W. 1 KA A n h l  Relief 
64 78493 SE/NW 26 T.2S. Re70 w. 2 Unk )Iarkness, w.W. 
65 24583F SE/NW 27 T.2S. R.70 W .  5 Unk public Service 
66 12307 NE/NE 26 T.lS. R.70 w. 1 unk Wilson, T.L. 
67 16207F NW/SW 28 T.1S. R.70 W .  4 Unk Cinaquanta, F. 
68 91184 SW/SW 7 T.2 R.70 w- 1 Unk Ranson, A.L.  

Uses : 0 Household (indoor) use only 
1 Domestic (indoor and outdoor) use 
2 Stock 
3 Domestic and stock 
4 Commercial 
5 Industrial 
6 Irrigation 
7 Domestic and irrigation 
8 Municipal 

Estimated zone of completion: 
Qa Quaternary alluvium 
KA Arapahoe Formation 
KFL Fox Hills - Laramie Aquifer 
unk unknown 
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9.1.4 g Potential in r f  W r 

The intermittent Woman Creek (isolated from surface water runoff from the 

Plant by the South Interceptor Ditch located due north of the creek) flows to the 

south of the 881 Hillside Area, and enters Standley Lake approximately four miles 

east of the Plant boundary. Standley Lake supplies drinking water to approximately 

150,000 inhabitants of the cities of Westminster, Northglenn, and Thornton. Standley 

t a k e  is also used for irrigation water, boating, and fishing. The South Interceptor 

Ditch flows to Pond C-2 and discharges from the pond are monitored in accordance 

with the Plant’s NPDES permit. 

9.2 PIJBLIC HEALTH I IMPACTS 

9.2.1 Pirect  Source Co ntact Exoosurp 

Volatile and semivolatile organic contamination of soils exist at the 881 

Hillside Area. The highest concentration detected for a chlorinated solvent was PCE 

at 190 ug/kg. Phthalates were the principal semivolatile contaminant of the soil, 

particularly bis(2-ethylhexy1)phthalate (DEHP). The maximum concentration of 

DEHP in the soil was 7,216 ug/kg. 

Organic contamination of the soils is generally at depth effectively eliminating 

direct exposure to these contaminants. Furthermore, as discussed in Section 9.1.1, 

there is no potential for direct exposure of the public (access is controlled), or any 

livestock, to the 881 Hillside Area soil contamination. Therefore, there is no public 

health impact for this route of exposure. The reader is referred to the risk assessment 

performed as part of the feasibility study for  the  881 Hillside Area (Rockwell 
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International, 1988) for discussion of this route of exposure a n d  the associated risk 

pertaining to a future scenario where public access is uncontrolled. The risk 

assessment concludes that unacceptable risks are not posed by these contaminants 

through this route of exposure. 

9.2.2 F.xDosurt to Conta minated Ai r 

An extensive air monitoring network known as the Radioactive Ambient Air 

Monitoring Program (RAAMP) is maintained at the Plant. Data from this  network 

indicate that ambient air  samples are  well within applicable regulations and 

guidelines for the protection of human health and the environment for  all  radioactive 

contaminants that could possibly have originated from the Plant. No anomalous 

values were noted that correlated with any of the 881 Hillside Area field activities. 

Available data for specific chemicals present in the ambient air  at  the 881 

Hillside location is limited to Draeger tube readings for  TCE and PCE taken during a 

one-day survey in March 1987, at 32 on-site locations. PCE was detected at 2 stations 

adjacent to an active solvent collection area (Building 952) at 2 and 3 ppm and is 

probably not related to past disposal activities. TCE was not detected at any of the 

locations surveyed. Based on this information, there is no public health impact from 

the air  pathway at the 881 Hillside Area. 

9.2.3 ExDosure to Co ntamioated G round Water 

An extensive ground-water monitoring system (approximately 150 wells) has 

been installed at the Plant. Twenty-eight ground-water monitoring wells have been 

drilled within, and downgradient of, the 881 Hillside Area. 
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The highest concentrations of  volatile organics i n  alluvial ground water were 

found at wells 9-74 and 43-87, which are adjacent to each other and located at t h e  

southern extent of SWMU 119.1. Data for the VOCs occurring at concentrations 

greater than 1,000 ug/l  are summarized below: 

voc 

1.1 - DCE 
1.1, l -TCA 
t-1.2-DCE 
CC14 
TCE 
PCE 

Sample collected 12/17/87 .  

Conce ntration ‘u4y87, 1 
9-74 

703-48,000 32,687 
4U-30,250 12,734 

5u 5,070 
4U-28.000 2,170 

11.000-72,000 6,999 
2,400-13,200 4,259 

I t  appears these wells are within or near the major source of  VOC 

contamination at the 881 Hillside Area. Alluvial ground-water flow is to the south, 

toward the South Interceptor Ditch and Woman Creek. The hydrogeologic data 

suggest that ground water discharges either to the surface water of  the South 

Interceptor Ditch and Woman Creek drainage or continues movement as ground water 

within the valley f i l l  alluvium o f  Woman Creek. 

It appears volatilization, adsorption, and dilution have reduced VOC 

concentrations to non-detectable levels as alluvial ground water migrates to the south 

into the valley fiil alluvium of Woman Creek. VOCs have not been detected at well 

64-86 (located downgradient of the 881 Hillside Area and approximately 1.5 miles 

within the plant boundary) and have been reduced to low concentrations at well 4-87 

located further upgradient at  the  881 Hillside Area. Because VOCs are..not migrating 

in alluvial ground water beyond the faci l i ty boundary, there is no impact to the 

public health from those contaminants via this pathway. 
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Uranium, selenium, nickel, and strontium contamination of alluvial ground 

water may exist at the 881 Hillside Area. It cannot be definitely stated whether the 

elevated uranium, metals, and major ion concentrations represent contamination ox 

only reflect natural geochemical variations in ground water. The maximum 

concentration of uranium 233+234 [29.3(3.9) pCi/l], uranium 235 [1.3(0.6) pCi/l), and 

oranium 238 [25.3(3.4) pCi/l] occurred at  well 6-87. However, downgradient a t  well 

64-86 in the Woman Creek valley fill alluvium, concentrations were within 

background levels tat well 64-86, uranium 233+234 was 1.7(1.0) pCi/l,  uranium 235 

was not detected, and uranium 238 was 2.1(1.0) pCi/l]. The maximum selenium 

concentration (2.1 mg/l) occurred a t  well 10-74, but  selenium was below detection 

limits at well 64-86. The maximum nickel concentration a t  the site occurred at well 

4-87 (0.33 mgll). At well 64-86, nickel was detected a t  0.43 mg/l for a sample 

collected on 4/26/87 but  was undetected (0.0037U mg/l) f o r  a sample collected on 

73’17/87. Further downgradient a t  well 65-86, nickel was detected once at 0.053 mg/l 

a n d  was otherwise not detected during three other samplings. The maximum 

strontium concentration occurred at  well 4-87 (2.43 mg/l). Downgradient within the 

&-oman Creek valley f i l l  alluvium, strontium was observed at the concentrations 

shown below: 

well 

64-86 
65-86 
66-86 
1-86 

Concentration Ranee f m u  

0.42-0.70 
0.53-0.79 
0.21-0.27 
0.19-0.42 

These wells are listed upgradient to  downgradient with well 1-86 located at the 

property boundary. As can be seen, strontium concentrations are reduced as alluvial 

ground-water flow approaches the boundary and is a t  or  near background levels (0.20 
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rngfl)  a t  the boundary. Thus, metals and uranium do not pose a present public health 

impact. 

Because both deep and shallow bedrock ground water have similar inorganic 

characteristics, and the deep bedrock water bearing units are not being impacted by 

the  881 Hillside Area, metals and other inorganic species above background cannot be 

d e f  initively attributed to contamination. There are two possible exceptions. As 

mentioned, alluvial ground water at the 881 Hillside Area contains elevated 

concentrations of both selenium and nitrate. At well 5-87, which is completed in a 

sandstone that subcrops beneath the 881 Hillside Area, nitrate and selenium 

concentrations are unusually high relative to deep bedrock ground water. However, 

the  nitrate concentrations (8.6-9.6 mg/l) are below the primary drinking water 

standard (10 mg/l) and the selenium concentration (0.13 mg/l) is questionable because 

the most recent data (10/13/87) show selenium non-detected (0.005U). At well 59-86, 

selenium (0.04-0.15 mg/l) and nitrate (1.1-2.56 mg/l) are also present. I t  may be that 

the  sandstone in which well 59-86BR is completed subcrops at the 881 Hillside Area 

and is t h u s  recharged by alluvial ground water It is likely that selenium is 

attenuated as ground water moves through bedrock sandstones as is apparent i n  the 

alluvial system. Thus. it is unlikely a public health impact would result from 

selenium or nitrate. Organics detected in bedrock ground water were either 

attributable to laboratory contamination, or were present at  near detection limits and 

in subsequent samplings were not detected. 

92.4 Exposure to Contaminated Sur face Water 

Surface waters of Woman Creek and the South Interceptor Ditch flow to Ponds 

C-1 and C-2, respectively, and discharges from these ponds to Woman Creek are 

881 HIllslDE AREA REMEDIAL INVESTIGATION REPORT DUFT F r n a  
ROCSY FLATS PLANT, GOLDEN, COLORADO MARCH 1,1988 PAGE 9-11 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
1 

monitored in accordance w i t h  the Plant’s NPDES permit. Sampling of  t h e  ponds 

indicate no VOCs are present, and radionuclides, metals, and major ions are w i t h i n  

background levels. VOCs present i n  the 881 Building footing drain i r e  diluted 

and/or  volatilized quickly before the water enters Pond C-2. Elevated uranium 238 

occurs i n  the South Interceptor Ditch upgradient of the 881 Hillside Area, but 

concentrations decrease to background levels at Pond C-2. 

It is concluded that any contamination present in surface water near the 881 

Hillside Area is removed by natural processes before the water migrates far  from 

these areas. No contaminated surface water is leaving the Plant. Therefore, there is 

no off-site contaminant transport via this pathway, and consequently no public health 

impact from contaminated surface water. 

9 3  ENVIRONMENTAL IMPACTS 

As discussed in the previous section, environmental contamination originating 

from the 881 Hillside Area appears to be entirely confined to the general area. This  

contamination of soils, ground water, and surface water can be considered 

environmental impacts. Air  contamination is unlikely to be occurring, even directly 

o r e r  this Area. 

The Area is not used, nor intended for use as a public or recreational area, nor 

for the development of any unique natural resource. No unique ecosystems or 

endangered species have been observed a t  the Plant during extensive biological 

studies. The biota or flora present at the area does not exhibit obvious stress. For all  

of these reasons, there are no ecological impacts due to contamination at  the 881 

Hillside Area. 
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9.4 CONCLUSIONS 

It is concluded that there is no imminent threat to the public health and 

environment by contaminants at the 881 Hillside Area.  However, the travel  time for 

a non-attenuated contaminant to reach the property boundary in the  Valley F i l l  

Alluvium is on the order o f  80 years, and furthermore,  the Risk  Assessment (Rockwell  

International,  1988) documents that under these conditions an unacceptable r isk could 

be posed to the public by consumption of contaminated alluvial ground water. 

Therefore,  a feasibility study has been undertaken to select an appropriate remedial 

action. 
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